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PURPrnE 

The purpose of this repork is to describe field and laboratory 
investigations leading to the design of a structure to consem (he fish 
at the headworks for the Delta-Merdota Canal of the CenPrd Valley 

' 

Projest in California. The f i rs t  part of the rapopt pertains to the field 
investigations, while thr detailed results of the 2aboistory studies are 
contained in Part IK. 

summy 
Field Test.$ - 

The problem consists of preventing the entrance of fish into 
the Tracy Pumping Plant near the heactworks of the Delta-Medot. 
Canal.. The solution consists of trapping the fish in holding ponds un- 
til a sufficient number are oc~umtalaacd, for econsmierpl transportation 
to a point sCnlciently IV c b w n s t r ~ ~  to permit the fish to c~ntinuf 
migration to the occeuslar, 

Information to design a suitable structure was nonexistent, 
hence. P pilot structure was provided war the headworks to enable 
the pariowance d field studies leading to the design of a perrnpnepl 
fish sereen strmctuarc. T ot structure also permitted the con- 
servation of ;a large num fish daring the testing perid, 

Although reve es were tested, this report is limited 
to the activit$es during the 1951 season. P is presumed that the Fish 
and Wildiife Service, who assisted4n the studies, wil l  prepare a re- 
port describing the csrxnprehensive testing program, 

One of the: schemes tested employgd traveling screens equipped 
with ccjas to elevate the fish to a small horseshoe-sbpsd trow leading 



point approximately 40 miles nearer  the ocean. 

The scbeme adopted for the permanent structure employs a 
line sf louvers rather than traveling screens, Briefly, the line of 
ioaveta c@bgists OC a m w  of vertical Steal plates cxtmdbg dbg0mP1y 
a:::mss the channel with bypasses to conduct the f i sh  to holding ponds-. 

One of the major problems is to remove peat moss from the 
water in the holding ponds, The screening process has been solved 
for an installation involuing traveling screens, but the problem is 
greatly aggravated by a l ower  system involving a cowidtrablygreater 
quantity of water, 

labratory studies are currently being made to assist  in the 
& design of the f i P  louver structure, The studies involve a composite 
1: model to develop proper flow conditions in the approach channel to 

the line sf louvers and a second hydraulic wdel  to develop bypasses 
with the required flow pattern. The results of these studies will be re- 
ported rtpn completion, 

L;tboratorjr Studies 

The Iabrat~ry stdies we= peECof111ed to correct (I) the ex- 
cessive crasien of the channel b4U1SCS upstream and downstream from 
the tish screen structure, (2) the seven erosion of the chamell bed 
doygiktream from the f i s h  screen structuxe, 9nd (3) to investigate =A 
improve the flow conditions at the louver installation in one bay of tbr 
f ish screen structure, 

CONCL'IPSIBNS 

Ficfd Studies 
C 

.- 

Mortality tests perfarmed in coxmeetion wi th  the trapping of 
I 

f i s h  [striped bass) with t r ave l iq  screens atre somewhat misleading 
inasmuch as the natural mortality is unkn~wu. Other factors also 

I existed to ~eflect doubt on the accuracy of the percentage of mortality, 

Possibly the mortality of the fish trapped by traveling screens 
would be greater than ;,9 the case of lowers, but Momnation has not 
been acquired to evaluate any dXference since morkalb.ty tests w e r e  mt 
pcsfonned in connestion wi th  louvers comprabie to those for t k t r a v -  
eling screens, 

Many of the questions pertaining to the effectiveness of trav- 
eling screens were not pursued in view of the decision to employ a 
l ine of louvers, 

The i d i s l l  cost of the permasrent structurk e m p l o w  iarwers 
has been estimated to be practically the same as that for an * ~ t ~ t i o n  



greater  due PO the necessity of pumpiryf the return f low from the by- 
passes. The maintenance cost for  traveling screens  would probably 
be highor than for the louver installation, 

The efficiency of the louver instailat~on, based on tes ts  in a 
bay of the pilot structure arad in a nearby flume, will be fmm approx- 
imately 75 to 95 percent depending on the size af fish, time of day, 
and velocity of flow, which varies in accedance  with the tide, and the 
operatian of the Tracy Pumping Plant. Tbe efficiency of the travel- 
ing screens  would be near  100 percent except for a relatively short 
time when some of the striped bass (less than 25 mm in length) would 
pass through the screens, 

The disadvantages of the proposed louver installation would 
largely disappear a t  a location where aht: flow through the bypasses 
together with the fish could be diverted back to the r iver  by gravity 
now, 

L a b r a t o r y  Studies 

As a result of the model investigations, i k  was found that tbe 
excessive emsioa of the channel banks was caused by Unc alinemeamt 
of the piiot c d .  The severe  floor erosion downstream from the fish 
screen structures was found to have b e n  caused by the sluicing ac- 
tion of the high velocity flow under a partially raised fish screen with 
the action accentuated by the m e t h d  of raising Phe screens during the 
cleaning operation, 

The model investigation of the louver instatfation showed 
that the poor flow conditions through the louvers w e r e  the result of 
the insbiiLty of the flow to pass tbmugh the louvers without cut exces- 
sive head loss, The  head loss was greatly reduced by placing flow 
straighteners on the downstream side of the louver irstaklatiora, With 
the red:~ctian in head loss other usat isfactory flow conditions were 
also efhinated. 

Fur ther  tests  were made on the model of the lower instalk- 
tion to determine thc relation between head loss and the~zmg1e of the! 
line of louvers with the direction 6f flow and of the smglletiii'f the lower 
slat with direction of flow, These tests indicated that the i;i&le kitweer, 
the line of lcruvers and Pine of flow should not be greater  tban 300, and 
the angle between $he louver slat  and line of flow should be less than 
900, 

RECOMMESDATIONS 

Field Studies 

The following design criteria were established by the Fisl~ 
Advisory Council, composed of representatives of the Bureaz s f  
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partmetat of Fish and Game: 

1. Angle of line of louvers with direction of flow to bc 11 
to rP. 

2, Loruver slat spackg to be 1 inch, clear, 

3, Louver slats to be $QO to the direction of flow. 

4. Distaace of 75 feet, rnaxbatrr~, between bypases mess- 
ured along the Une of louvce~s, 

5, Bypass width of 6 inches. 

6. Maxim- velocity of approach (average) to be 5.3 tt / scc. 
7. A minimum distance of 25 feet between t rwhnck  and 

start sf line of louvers, 

8. Smooth flow pattern between t r a s h &  and st- of line 
of louvers* 

9, A 2-inch, clear, spasing betaeea trashrack bars. 

10. No prowision for medication wi th  salt of the fL.b in ,, the 
holding ponds. 

11, Althwgh recognized that p r d t o r s  might stay in the by- 
pass channels or ahead of the t r d m k c k  to p r e p ~ p o n  the small 
fish, no p~eventive action to be taken, 

AaditQaaL recoanrn~eions  worthy of consideration during 
design are: 

I. Protective codiing for all metal in contact w i t h  the water, 

2. Provision to remove sections of the line of louvers for 
cleaning and maintenance, 

3. Facilities for raking nwJ dispoa of debris from the 
trashracks. 

Laboratory Sturfies 

Prom the bkoratory s t d f  llowirng corrective meas- 
ures were tecosnmedtd: 

1. The channel both u p t m m  and downstream from the flsb 
screed structure: s b u M  $e widened and straightened. 

2. A layer of riprap dmuE be placed on the dmmel floor on 
the downstream side of the structure. 
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FiSK SCREEN STRUCTURE 
DELTA -MENDOTA CANAL tlEADWORKS 

CENTRAL VALUEY PROJECT, CALIFORNIA 

To permit a grasp of the magnitude and complexity of the p p b -  
lem being discussed, a brief description is warryted,  Basically, the 
problem consists of conserving fish by providing a structure: suitablefor 
preventing their entrance into the Tracy f umping Plant near the head- 
work of the. Delta-Mendota Canal iu :he Central Valley Project of Cali- 
fornia, Figure 1. Only small fish are involved as the large ones are 
capable of averting the pumping plant, P~r the rmore ,  although 20 species 
of fish are encountered a% the site, the only ones of i r n p r k a c e  to both 
commercial and sportsman's interests are striped bass, sairjrorn, catfish, 
and shad, The annual commemial catch for the area has been estimated 
at 5,600,000 pounds of salmon and 1,160,000 pounds of shad. while the 
annual sports catch has  been estimated at 68,000 pounds of salmvn and 
6,000,000 puunds of striped Bass, The cstfish a r e  of interest to sprts- 
man only and no estimaE of the annual catchg- b&m made, In rsddioian, 
large commcruial interests ass involved through the sale of fishing and 
W i n g  equipment, 

The total. number of fish which may be dfected by opektions 
of the Tracy Pumping Plant has been estimated at 4,000,000 per year, 
Ten to fifteen percent of the striped bass in the upper delta may be d- 
fected by the Tra-y Pumping Plant, but no estimate has Been made of ,. 

the percentage of other swcies affected, 

Approximately 8 years ago when tfik groblem was recognized, 
the Bureau of Reclamation requested assistance from the U, S. Fish 
and WildOife Service, How e;rrr, insufficient infomat  ion was available 
to design a suitable fish screen device. Accordingly, ak the headwork, 
a pilot channel was excavated of sufficient capacity to permit operation 
of the Tracy Pumping Plant a t  two-thirds capacity and a temporarg struc- 
ture, lenown as the pilot fish screen structure, was constructed in 1951 
to accomplish two objectives: (1) to enable the conduct of studies Eead- 
ing to the design of the ultimate fish screening device an& (2) to consewe 
as many fish as possible during the interim period behrveen Phsl design 
and eonsaruction, A larger p lo t  canal was not necessary as the ultimate 
fish screen structure is to be constructed bef~re fu l l  capacity of the pump- 
ing plant will be: needed. Figure 2 shows the location of the pilot canal 
awl the temporary structure, while the ultimate structure is to be tocated 
to the left in the area labeled far borrow material. 

The research program inaugurated to develop n satisfactory 
screening device was indeed comprehensive. No attempt, w i l l  be made in 
this report to dqscribe the details of the entire grogram. Only that p r -  
tion having a d i k c t  relationship to the final structure will be described, 



repo;c of (he entire study for f a twe  reference. The papers which brave 
been written together with pertinent references are identified in the* 
Bibli~gx-aptrq-, Suffice it to say bere that the investigation has iamolvd  
fish :rapping systems k~owra as parts and risers, sloping screens, trstv- 
eling screens, electric screens, sound barriers, air bubbles, light 
screens, and lioe of louvers. The final salution utilizes the line of Rou- 
vers, I ,  

The cornprek~nsive p m p m  has involved a survey to ascertain 
the number of fish 3x1 the delta arrest, the number po.ssibXy affected by 
Tracy Pumping Plant, mortality studieq* effect of temperature aad sa- 
linity, and modes of tramsporting rish. The entire study was in  coop- 
eration with members of the Fish zmd WPldlEfe Service, 

The studies have been coPkductcd in the pilot canal, and were 
augmented by observations in a nearby test flume ccmstructed in the 
early part of 1952, Figure 3. The new test flrrmne, Figure 4, was not 
completed until near the m d  of the current season, and only a very few 
tests were performed during the presence of the writer, 

THE PLOT FISH SCRE3Z.N STRUCTURE 

Description 

The pilot structure consists of 18 bays, each 10 feet in width. 
Bay No, 1 has been reaeved for the testing of special devices, such 
as sloping screens, ~r&ers, etc, When testing is not in progress this 
bay is closed by means of a w d e n  bulkhead. Six of the bays (Nos. 2, 
3, 4, 5, 6, and 7 )  are equipped with travelling screens axomally rased 
to remove debris  but m a d i f i d  to trap fish. Bays No. 8 to 12, inclusive, 
arr: cqui?ped with stationary screens to provide a passage for water but 
not fish, The stationary sereem are periodically weshed Ibyihigb pres- 
sure jets as each screen is raised andl lowered, A second screen, kwwri  
as a wash screen, is temgomrily placed in front of a screen before wash- 
ing, hence, at nr, time does an opening exist to permit the passage of 
fish, Tt has been necessary, however, in a few instances to remove all 
or a number of the st;irHonary screens for short periods of time to mb- 
irnize the differential head a c m s  the stsucrture, 

One occasion for decreasing the head on the structure was due 
ro erosion a t  the dawn.:trttam side caused by failure of tfne stationary 
sexeons to completely lower into position after  washing, and although 
not realized at the time, the partially raised screens caused a jet of wa- 
ter to deflect downward at the toe s f  the sw'ctare resulting in severe  
erosion. The cause of the failure and remedial measures w e r e  dwel- 
aped in a hydraulic model described in full in Part If, 

Operation 

In operation of the pilot structure smal l  f ish,  unable to swim 
against the approach weloeity o r  in their natural migration t o w d  the 



me& of the horizontal members formi@ the frames of the sc reen  
sections. A mQdidicatian permits washing the fish from thesemem- 
bers with jets of water which o p e r a t ~ ~ t  ;a time when the horizonad 
members are immediately above a560ntinuws horseshoe-shaped 
trough leading to holding pc3nds. O n  some of the scmceq, the mem- 
bers  have been quipped with cups to facilitate raising the fish in wa- 
ter. In a further attempt to minimize any injury which might occur to 
the nsd, one of the screens was equipped with rubber troughs which 
were folded ~ u t w a r d  at the proper time by water jets, thus dumping 
the fish into the trough, Figure 5 s b w s  the hydraulic action of ,s  
screen equipped with jets dibchrging against the fmnt of the screen 
while Figure 6 shows similar  action by jets from the back s ide of the 
screen. This  lat ter  one, however, is not equipped with the cups, Ob- 
viously, the front jets are less desirable as the water tends to impinge 
the dish against the screen, 

Holding Pond 

Once the fish are in the trough, they are carried by gravity 
flow to a 12-inch diameter rotating d.rum screen, Figtarc 7. The  water 
flows through this rotating screen into a holding p o d ,  with an overflow 
returning to the pilot channel while bhe fish are flipped by the drum 
into the holding pond. By experiment it was determined Ohat the screen 
must rotate 102 rprn to flip small striped bass into the holding pond. 
With larger fish the speed may be r&caG "0 a miaimunr of 25 rpm. 
In the event it  is desirable to increase t b  safinity s f  the water in the 
pond for medication sf the fish, an amangernetit exists whereby allthe 
flow passing through the rotating screen may be diverted back to the 
shamel! without passing through Ihe holding pond, The p 
rotating screen is t~ remove peat moss which, if allowed 
the pond, will become sufficiently concentrated to suffo~a 
The peat mass is washed from the outside of the rotating screen 
ter  jets and returned to the channel by gravity flow. Other debris, such 
as small s i c k s ,  are flipped by the ratating screen into the holding pond 
and removed by a t r a s h  cenveyar belt.. 

Tsansp* tat ion 

The water  in the holding pond is maintained in constant motlion 
by a small circulating pump. After a sufficient number of dish h a w e  
k e n  collected in the pond they are transported by truck to 8~ p o h t  suf- 
ficiently far dolmstream to permit the fish to continue migration toward 
tk ocean and not be drawn back into the screen structuli.5. The truck 
Ls equipped with a pump to circulate and aerate the water, annJ ice is 
add&, tc aaahtain the proper temperature, Earlier lexperiments utilized 
a specially constructed kargelgo transport the fish but high operation 
cost forced abandonment of this m e W  in fvcrr of tank trucks. 

The f i sh  are transferred from the pand to the truck by gravity 
through a specially designed va1-ge to prevent damage t,o the fish. This  



valve, Figure 8, @at& in the. certter uf the hold- pond consists  of 
n vertical stand pipe to araintaicl the proper depth'of water in the p a d  
while fish are being cotkected from the trawling screens, The over- 
flow into the stand pipe passes XtssoulFfr the outer portion of the aperaing 
leading to the channel w h i l e  Lt.e!,fish are retained by four verticaEscreenS- 
Immediately prior ta discbarging the fish into the truck, the vertical 
stand pipe is decmmsed in height by retmovixtg sections to obtain a vol- 
ume of water equal to the capacity of the: tank truck, The opening' to 
*Ae waste pipe is ctosed by rneaits of gtrc circular plate. standing !behind 
1111~ v&!v(e in the figure, the screens are removed, and the ceaer p h g  
is lifted by means of the vesailcal pipe Rand1,e allowing zr. clear passwe 
for the fish and water into the tank %ruck below the holding pond- 

Two identical holdirsg pcr~ds me pmvided so that one may be 
in service whi le  the other i s  being emptkd, Each pond consists of a 
cbcular steel tank 18 inches deep at the periphery, PO feet in diameter, 
with the battam sloping bowa3-d the discharge =lve in the center to fa- 
cilitate the removal sf fish, 

Traveiing Screens 

At one time it was thought that traveling screens would-be uti- 
lized in the ultimate structure. The scheme w a s  t o  provide 12 such 
screens, resulting in r maximum approach velocity sf approri~batefy 
2 feet per second, or 24 screens with am approach v c l ~ i t y  of 1 foot per 
second. One thought was that the low velocity of approach should be 
maintained to pr'event severe impingement of  fish against *e traveliw 
screens. Another thought was that the Pow approach velocity resulted 
in fish avoiding the screens as long ais physically possible; hence, the 
fish were in a weakened condition due to exhaustion upon arrival in the: 
holding pond. Sufficient tests were not conducted to permi t  a decision 
a s  ta the proper approach velocity, which would, ii%"m, determine: 
the number of traveling screens. 

Objections to traveling screens were: (1) high maintenance 
costs end (2) a considerable number of the very small fish (less tban 
25 mrn In;$engPh) passed through the screens. Use of a smaller mesh 
screen to prevent passage of these small fish was not considered prae- 
ticable, The maintenance cost could unquestionably be reduced by. 
pmper operational pmcedures and simplification of design combined 
with the use of materials more suitable than the s t d & r d  catalog mod- 
els, The number of fish under 25 rnm in length was relatively insipif- 
icant, in fact, the consensus wars that these could be ignored. Several 
unanswered questions pertaining to the use  of traveling screens were  
mr pursued in view of the deckion to employ a system of Isuvcrs. 

MORTALITY mmPES 

Mortality studies were performed for striped brass chserv- , 

ing the number of live and &ad fish in a holding pond immediately prior 
to discharging the live ones into the truck for t3-ansporQrTiug to a distant 
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h a t  from ' b t u r a l  causes toget& with any a d k s & e f f e c t s  of the t y v -  
eling scr9ens. collecting troughC demossing wheel, or any other Py+:. 
tor introduced by the collecting system, Also Included are any fish 
which were dead upon asrival at the pilot structure and picked up by 
the traveling screens. Hence, i t  is not'jmss;ible to state the portion of 
the loss of fish due to the method of trrappikg, But certainly the Prav- 
el ing screens cannot be charged with entire mortality. Mr. Heclrman - 11 
stated that not more~tJnzin 12 percent 'of a e  mortaiity could be attrib- 
uted to the traveling~screcsms. Even this 12 pertest did not reflect such 
h p o r m t  i tems as natural mortality, damage which r a y  have occurred 
due to previous contact w i t h  the stationary screens, effect of improving 
the operation of traveling screens through changing the s p e d  of travel, 
or  improving the method of jetting the fish from the screens. 

It is reasonable to assume that utilization of the louver prin- 
ciple whereby the fish do not come in contact with traveling,screens 
may result in lower amortality, but it.ls not known if any advantage in 
mortality is realistic as facilities did not exist to perform similar stud- 
ies in connection with the louver installation during a comparable pe- 
riod when the striped bass w e r e  very small. 

Salt Treatment 

In an effort to decrease the mortality, salt was introduced into 
the holding pond for medication of the fish. Figure 9 reveals this r e a t -  
ment to be very effective, particularly during the early part of the sea- 
son when the fish were quite small, At the close of Zhe season in Au- 
gust, the sal t  treatment was still  noticeably effective though mataria'lly 
less than earlier due to the increased size of tRe fish. 

Althcugh raot shown graphically, the mortality was unaffected 
by the length 0% time the fish were kept in a holding pond up to 24 hours. 

When the f k !  rere retu,meet to the river they were placed in a 
tank fitted with a screen mad held for 24 hours after which a mortality 
count was obtained. The mortality during the 24 hours in the rivermay 
be obtained from Figure B by taking cthe difference between the tot* raor- 
tality a d  that for the holding pond. The river monalitp includes any 
loss due tc, transportation, physical d a m q e  to the fish in loading and 
unloading, together with any natw&!:mor;alitgt. The loss during transit 
could conceivably be high due to Zhe &mk of ice used to rnaiatain the 
proper temperature of the water. These chuaks were  free to move 
asbund in the tank and could possibly crush the fish. 

Number of Fish 

A concept of the number of -h inv~olwed ia this series of tests 
xnss.be had from Figure 10 which reveals the total number of live f ish 
transported from the holding ponds to the river some distance down- 
stream from the structure,, The largest daily count ~ c c u r e d a n  July 5 



The results of any mortality tests which may hgve been per- 
formed a m  speclea other than striped bass are not b a n  except in the 
case of shad where ihe mortality has been nearly PO O  percent. A bi- 
ologis: of the Cafifomia Department of Fish and Game stated that this 
particular species apparently couM nat breathe except when the vebc- 
ity of now is relatively high; &iz;cze a am percent loss-;is to be expected 
in a holding pond. This fact tends to minimize the imapohtancc of at- 
tempting to save sbd, 

Temperatures 

ortality and water temperature. 

The 'Length of &a striped bass employed in the mortality tests 
is sbowaz in Figure 12, It -ill be noticed t b t  two s'&s of mestsuremeats 
were Wen,  those in connection with the holding p o d  mortality studies 
a d  those pertaining: to the tests in Bay No, 1, to be described later. It 
was desirable to show the two sets of measurements as they were made 
by different individuals. Rowever, tor sill pwtical purposes, the re- 
sults w e r e  the same, The average length af~striped bass varied fram 
23.2 rrmm on June 19 to 53 mm on August 21. 0- of the disrrdvantages 
listed for the traveling screeus indicated tbat a portion of the fish smaller 
than 25 mm in length passed through the screens, but Fi#ure 12 shows 
that tbe average tbb length was greater than 25 mm after July 1 or 22 
dnyv after the start of the striped bass migration; beme, this; diisatfvan- 
t q e  is relatively unimportant. 

lwpT(E OF LXTmRS 

The system sf  scseexhg fish by means of Louvers imtslves a 
serhs of ciesely spaced vertical steel plates forming a diagonal line 
across PIre stream, wi th  bypasses at regum intervals to aIW the fish 
to pass into small channels and ewentually into holding paads. For the 
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tRen be pumped bgck to the river, Conceivably, with suitable topog- 
raphy, the return flow could also be by gravity ahus tremendously de- 
creasing: initial and maintenance costs. In the,psesent case, the initial 
cost for an  installation with louvers has been estimated to be approxi- 
mately the same as for a structure employing traveling screens, but 
the operating cost for the dormer will be greater Phapl the other design 
due to operation of the pumps required to return the flow from the by- 
passes to the r iver  channel, It is true that pumps are required in  the 
case af traveling screens  to  remove debqis and to flush f i s h  into the 
channel leading to the holding ponds, but ,this quantity of water is in- 

ant compared to that which must be pumped in a louver instalia- 

f Louvers 

T o  understand the principle of "a line of louvers to divert fish 
into a bypass, one must realize the slatuvaP swimming habits of migra- 
tory fish, The fw:always swim into the current but move downstream 
at a velocity representing the dlffererice between the swimrrmhg speed 
and the velocity of flow, Upon approaching a line of louvers, the fish 
feel the disturbance (one opinion is that the diaturbanee is h e r d  by the 
fsh) and do one of three things (1) increase the swimming speed to 
move away from the disturbance for later return, (2) move diagonally 
upstream and away from the line of louvers in a s tep  pattern, or (3) 
orient at angle approaching the normal to the line of louvers, ffltas- 
crated on Figure 13, for eventual ens=-nce into the bypas, Pmbab1y 
the greatest number of fish follow the third pattern.' 

If all f ish reacted in tbe manner described above, the efficiency 
of the louvers would be 100 percent. As will be shown later. the ef- 
ficiency is decreased because some of the fish p+s through the louvers 
due to chance, exhaustion, schooling effect, or perhaps inquisitiveness. 

The tests  performed during the 1951 season were performed 
in Bay No. 1, Figure 14. The louvers did cast extend the fuLl depth of 
the channel, but the ultimate structure will be equipped with louvers ex- 

I 

I tending the entire depth of approximately 22 feet. 
I 

i Measurements 
1 

Three different louver spacings were tested, identified as the 

I - initial, second, and third setups. The field observations included: 

I a, Head loss measurements, 

b, Velocity determinations. 

c, Effectiveness to screen fish, referred to 
as efiiciency- 



The head loss measurements were obtained by observigg the 
depth of flow 4 feet upstream from the start of the line o t  louvers and 
4 fee2 downstream from the and of the line o i  leuvers. These partic- 
ular  points were chosen to correspond to measurements made previ- 
ously in the Bydraulic laboratory in  Denver, The  model study was 
performed to improve the flow pattern t h r ~ u g h  a l i m e  of louvers and 
to minimize the head loss, As a result of the study, straightening 
vaned were provided on the downstream side of the louve'is, Without 
these vanes, the flow concentrated along the right side of the louver 
slats deflecting the flow at  right mzgles for a considerable riistance be- . 
fore i t  turned to the original flow direction, In order to tern the flow 
from each louver space, the water surface in the adjacent upstream 
space must be slightly higher, This backwater buildup progdssed up- 
s t ream from space to space along the line of louvers until. at the up- 
s t r e w  end, it allowed very little Row through the louvers aad created 
an uneven flow pattern with high lass in head, Thrtoretically, astrraight- 
ening vane for each louver would be most desirable but, practically, 
the tes ts  showed that satisfactory conditions preral2ed with straighten- 
ing vanes eight louver spaces apart, The ebfectiveaess of the flow 
straighteners was also ev,hbhced by determining the velocity increase 
along the wpstream side of the louvers. The flow straighteners re- 
sulted in 4113 percent decrease in head toss. There WRS some concern 
relative to the restricted area for the louver space immediately down- 
stream fmrn the louver slat  fastened to the strajig)tkenN vane, Al- 
though the restricted area  did not affect the flow pattern, i t  might be- 
came clogged wi th  debris. Accordingly, a test was conducted on the 
model by installing the flow straighteners farther downstream allowing 
2 inches between 'the louver slat Blsdl the upstream end of the vane, 
This  change did net affect the flow distribution. To lacgutate cc#nstruc- 
tion the appmprhte louver slat could be extended to intersect the vane 
without interfering with %he flow pattern. The straightening vanesshould 
be at least 9- 112 inches long, measured parslief to the line of flow, The 
laboratory studies, comprising both an hydraulic and an air model, were 
based on a louver spacing of 1 inch. 

Figure 15 shows the results from both the field ritudy and the 
hydraulic Laboratory model. Results are also shown for the second and 

setups in the pilot structure. F o r  the ultimate structure, whicb 
will correspond to the initial setup, the head loss across the line of 
louvers will be 0.4 f a t  at the maximum velocity of 4 feet per second. 
Actually, due to the addition of structural members, this head loss may - 
!he somewhat greater. The accumulation of any t rash will also increase 
the head loss, and for this reason provision should be made in the ulti- 
mate structure to remove the louvers by sections for cleaning, Trash 
is not expected to become a major problem of the louvers since only 
debris which can pass through tine 2-inch spaces between the trashrack 
bass at  the upper end of the-structure nil1 be present. 



Velocity I. I( 

Velocity determinations in connection with the bead loss studies 
w e r e  perdomed in the section at the upper end ob the line of louvers, as 
shown on E p x e  16. The measu,rements were made with a Price Type- 
A current meter utilizing the 0.6 depth method. This method was nec- 
essary to minimize the time requked to make the measurements, thereby 
avoiding appreciable change in stage due to tide. 

The velocity measzrrements performed inr connection witin tests 
to determine the abilrJry of the louvers to scr- fish w e r e  taken with 
the same current meter at five points along a line midw:*y between the 
line of louvers and the right wall of the bay, as indicatdsby A, B, C, 
D, and E on Figare 14, These points w e r e  chosen to coincide withsim- 
ilar measurements taken in the test flume at Tracy. The velocity of 
appsaach, as related to the fisla studies, was considered to be the aver- 
age of these five readings at 0.6 depth, Velocity readings were taken, .-,: 
at a time which w ~ u l d  reflect average water stage during a partic- f:' 
test, o r  in some instances, they were obtained ;at the beginning a d  b 
end of the test;, with the f i na l  result being an average of the two sets of 
readings. 

Efficiency 

The effectiveness of a line of louvers to screen fish was eval- 
uated by placing a net a t  the downstrwam end of the bypass to trap fish 
passing thmugh"this section, Another net spanned the dswnstreaxn end 
of the bay between the bypass turd the left wall of the bay, At the corn- 
pletion of a test, usually lasting for 1 hour, the nebs were raised and 
the fish counted. Netting and subsequent counting of the fish resulted 
h their destruction, therefore, morta3ity due to other causes could not 
be quarrtirativelly determined, The efficiency WGS then computed by di- 
viding the total number of fish in both nets into the number in obe m s  
net. For  example, if 80 fish were obtained from the bypass net and 20 
dram the other net, represent ix  those which passed through the line of 
louvers, then the efficiency would be 

80 
x 100 = 60 percent. 

80 + 20 
Figure 16 shows a graph of louver efficiency versus velocity 

of flow for the initial louver setup in Bay No, 1. The scatter of the 
points is apparent, but ia d~amitc-pattex% does exist in that the Miciency 
decreases with increasing velocity, particularly above 3 feet per scc- 
od, It warill be noticed that no efficiency greater than 90 percent was 
obtained with a velocity above 2.8 feet per second. There was consid- 
erable feeling that the behavior of the fish varied by night and day; 
hence, the plot makes this distinction and, unmistar?..ahly, ttsc average 
daytime efficiency is lower than that at dm. One may argue ?hiat the 
day hours should be somethi.ng different than between 8 a, rn, and 4 p.m.. 
as shown on the plot. but the fact cannot be altered that the efficiency 
is lower during that daylight period. A c P u ~ y ,  these hours were chosen 
with  the thought that detritus in the water resulted in  simulated night 
conditions except during the pefiod of greatest light intensity. 



through the trasiac& and, hence, more susceptible to pauir#throu@ 
the louvers. Accadingky, tests w e r e  srrn with axrdi witbout sole Wash- 
~h&.but, as may be* seen on Figure 16, efficiency veksrus velocity fol- 
lows the same , p ~ t e r n ;  hence, it is concluded that presence of tbe trash- 
71-ack has little. if any, effect on efficiency of 'the louarers. 

During tests of the initial louver setup, the a-rage fish length 
increased from 22 to 30 mm. To ascertain whether the increased size 
of the fisb was renected in the efficiency, a plot was made showing date 
versus efficiency, Figwe 17, It is indicated that the efficiency is 
greater  near the end of the test period fer the initial leuwer setup, but C 

Figure 18 reveals that the velocity of flow was low during the same pe- 
riod and, therefore, the relationship of efficiency versus approach ve- 
locity of flow was not affected by the date or fish size. 

Because the depth of flow varied w i h  the tide, efficiencycould 
conceivably vary with depth but Figure 19 shows no relationship between 
depth and efficiency. In this regard, i t  is desirable to point out that 
maximum now depth was 5 feet, while the ultimate s t ruct-ae  wi f l  have 
a maximum depth of approximately 22 feet. It is not known whether a 
relationship exists between efficiency and depth when the hauer is greater 
than 5 feet. Tes t s  made prior to the writer8s introduction to the prob- 
lem revealed that the upper 5 feet of water carried the greatest number 
of fish; hence, a material  change irt dficiency is not anticipated due to 
greater  f low depth. 

One other factor which could possibly affect the efficiency is 
the water temperature. U the temperature became sufficiently high the 
f ish would be weakened wi th  a resulting loss of efficiency for the line of 
louvers, Figure X 1 shows the temperature increase in the river at the 
pilot structure to be from 71.6O to 75-70 F during tes ts  of ahe initial 
setup. Although not included in this report. a plot of temperature ver- 
sus efficiency revealed the two, variables to be independent of each other 
over this temperature range. 

As may be seen from Figure 14, the Line of louvers was divided 
r nto four sections by extending three of the straightening vanes to the! end 
of the by. The net which caught the fish which passed through the line? 
of louwess was similarliy divided into four sections, enabling ra determina- 
tion of the number of fish which passed through ea& of the four sections, 
It was r a S ~ n e d  that if the number of f i s h  passing through any one section 
was consistently higher &an any otbtzr section, then a criterion would s 

have been established by which the desirable length of a line of louvers 
between bypasses could be set,  However, the tests  revealed IM, pattern, 
that is, more f i s h  might pass through the uppermost section during! one . 
test and another test might reflect a greater number of fish in the s e c ~ a d  
section, hence, it  may be concluded the 40-foot-long line of louvers 
was not sufficient to affect the efficiency. 
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--...%- An opinion was expressed that ~rhe:turbp)cack~ob QOW wproach- 

inq-dhe-@te- of l o w e r s  in Ba$ No. 9lrcaubisri,$~de~-s?dn & f ~ .  
Some urrbarlenee did exist. bw tbe v c l o c i t y t ~ u t i a a ~ m t e t b % t ~  

* 

station at ,the start of the line ~f Iauvtrs,disclosedr:ra3atiuely -unifa;rm 
appro@: yq)ocity. The ultimate structure, .w&lk.hpe-d-5rturbulence 
than exw$diin Bay No. 2 ,  b;rt.wy hopiotP + b n b r e ~ c d  a i c i e n c y  is 
doubtf~i~at fe t .  considering that tbe studiest'in tbi&xmetat. Tnaq resulted 
in comparable efficiencies over gractiaalfy &ha same-xaugebas observed 
in Bay No, 1. Figure 20 shows efficiencies from the Bl~une tests in 1953 to 
vary from ,6,4 .to I00 percent wjOb,a tisb=km@haqheoPhatgxeater Chan 
during the pleasurements in B~yiRv, 1: ,B~rurrs;%Erslmws aim- re- 
sul ts  for the flume tests in  l i 9 1 S $ ; ~ ~ B ~ i c i e h c i ~  .dd.fnorne;72 t o l D O  
percent with f i s h , q p s o x i m a t e J y , ~ i d ~ ~ L e ~ ~ ~ ~  in-the tests .in - 
Bay No. 1. . In the 1954 flume,&ts~the~uvertg *wece :spaced 'farther 
apart than in the initial setupEn"BaydWsl~tibtx~kW 6Wirurwias b t  the 
efficiency tese in the f lume-dr& !he:@8it s b 8 e ' ~ u ' e g i i t t ~ e  -camparable 
results  andsince ,there were, nrrrootb UowzcQndiaiwsl~ in it& flume, it is 
therefore ~masaruib~e to- ~~tunbat.rah~:~rfl~~&t"IBe~~N~. .l was in- 
sufficient tc kffect the efficiency. 

Y ?  ~~9 .. -*  $ . .  ;7T1 . "t ; 3r. P vr=;C3; r m  a=;*-,: asl - . ^  . > - % *  

- . . s + o m a n t i o n r ~ t  ibs-mub iibmm;for tlre flume* g l  

t r ? s r & ~ i ~ ~ r l t ~ ~ r ~ ~ d i n  ppfiltqmi Ma- ywlrnpdrdirect from 
the,pi!oq capmoll,:.wh~ensgm.M,; stbcc~smrifti5berQubrn~ rersqsewfomed :* 
w ilta &ewnptan ub$aiad~wiZ$;a fWering,pfo(ress.-~~TJW need for usingi 
cl6ar water to permit visual study of .the reaction art fish to s line of 
louvers is o b v i o ~ s ,  however, a pbssibiliay existed that th&.heiiavior of- 
the fish was influenced by the degree of turbidity, But s ince the effg 
c i e n c y ~ ~ Q S ~ ~ i & ~ n f U t e ~ ~ ~ n & w p l i e  -$csseatiW J the same 
;is_&W.,wJ$k]~h-ar water, . i!:3may~-itre ,o~abc~uded- tlhat the fish behavior 
i s  uwlfaS'iig$ &y-kdeamess~of ~lrram.-t~Duriagr, wfo'mar~ce -.of tes ts  us- 
ing ~ l e ~ ~ ~ ~ g t ~ ~ a c e ; w a s ~ t ~ ~ k ~ ~ s l t : i o  .fnighten.the?fkh. *All flume tests 
dcsc,3:ib&?y~r~jper!fo~rngdx b ~ r & g m q p l ~ m p r k i h g  hours, hence, any 
d a y ~ p n : ~ ~ ~ ~ u e n , ~ r ~ e h a k s : n o t ~ h n ~ m i n e d l i s r . t h e  flume, 
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* i ~ ~ t f o r t - t o  sipzpii&tgmremlts (he initial Getup in 
Bay No. I, Figure 22 was prepared $a show the relation of efficiency 
to velocity by utilizing the moving average method, This  Egure s h ~ a s  
the same results  as Figure 16 but In a simplified manner, A s t r ic t  in- 
terps~,tgti~~~:isQ-jr;he;isi~qrpt:iCIiad ~ s s m e a b ~ .  effiderep for mig'ni 
teqifi.j.s+o~qghs$g gr,eate&r w i & d r ~ d ~ ~ ~ b ~ i i ~ ~ d . ~ i m i i ~ l y  
for thea,*4rksi(se but &he Ib;tdctiEaagfSkMnoy: b f w a = l h a w t h a t  fer the 
nigh*~.~~~fi.~ffiqwever, t h e ~ d i ~ e ~ ~ c p ~ a d ~ ~ p r e s ~ c e  of the t d -  
rack;&--wkpufZicient lo ~olllc>~elhsb~efficicocy~is,aifectent after consid- 
ering the;exc,eptionally wide spr?ead.:of 'the. basic data due to deal* with 
animated objects. 

*t-. * . a  .* . f "  - . , -. * * *  ,- * 1 " I  

,An.ppinion--was :voiced LUIEtZ' ef~ekrcyeShQuM?be weighted. by 
some method in accordance with the number of fish in a particular test. 



If such were true, then a plot of efficiency against number of fish in  a 
test would show a varying: efficiency as the number of fish chaiigcd, 
Obviously, any such study should not be undertaken without consi&riag 
other vairfables, such as veltxity, time of day, and fish site. Acesrd- 

* ingly, the tests were grouped into units with veEocitiea of flow from 1.5 
to 2.0 feet per second, 2.0 to 2.5 feet per  second, etc., and further- 
more, the tests  were grouped in accordance with the length of time and 
whether day ar night. Many plots were made brut only one, F igure  23, 
is included for iWiustration. The results reveal that efficiency Ls inde- 
pendent of the number of fish in the test. 

A further study was made to reflect the possibluty oi a cornla- 
tion by h e  analysis s f  w i s n c e .  2 /  This  analysis Indicated the degree 
of correlation between etficiency=d vel~ciry of flow to be approximately 
0.5, while a true correlation would be 3.0; in other words, there arc fac- 
tors other than s t ream flow which affect'the variability of louver tffi- 
ciency, such as the element of cbance. Other statistical analyses may 
be applied but the number of P i h  in a particular test becomes instgnriii- 
cant, Probably the most important conclusion is that a y  analysis which 
ignares velocity of now, fish size, or  t h e  of day is grossly in error. 

Results of tests  in Bay No, t of the pilot structure for the sec- 
ond and third setups will not be desert- in detail since the f i n d  sbntc- 
lure will  correspond to the initial setup. However, pertinent hfosmation 
for the second setup may be obtained from Figures 12, 14! 15, 17, 18, 
24, and 25, and Figures 14, 15, 19, 1.8, 26, and 27 for the third setup. 

Louver Spacing 

The only difference between the setups was the difference in 
louver spacing. It is not possible, however, to dmw definite conclusions 
pertaining to relative efficiencies for the three sets of tests since the 
fish size increased materially over that existing a t  the Pime s f  Pests far 
the initial installatron. It is possible to definitely stale that efficiency 
increased with fish size, but tfre actual effect of wider louver spacing 
cannot be obtained without tests  of vari~us spacings with the same tish 
size, Facilities for simultaneously testing the three setups, thereby 
using ,':& of tibe same size, did not exist. The problem is not acute 
since any advantage Ln wider  louver slat spacing wutd be miaot, 

Bypass Channel 

In the ultimate structure the invert of the: bypasses wi l l  be ap- -- ed.... p.rsximaicb z . ~  I==, below the water surface. Iastallaiioa of the holding 
pods a t  this same elevation would be quite costly due to the required 
excavation and inherent ground water problems, Locating the holding 
ponds at a higher elevation would require a gradual increase in hveft 
elevation of the conveyance connecting the bypasses to the ponds. 

To determine the effect s f  the increase in elevation of atme ma- 
necting channel, a few tes& were performed in the louver installation 
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vers bas dim6ished by the in&ned noor but this test is not considered 
conclusive as-the bypass channel was only 5 feet irn; length causing the 
increase in elevation of the floor to be very rapid. lf tine rise of the 
bypass channel were started srtta greater  distance downstream and with 
a more  gradual slope, there is no reason to believe that such a scheme 
would affect the efficiency of the louvers, A materially cheaper instal- 
lation of the holding ponds would result, 

C a t f i h  

All the previous discussion has pertained to ~ t r i p e d ~ b a s s  only 
but ;as previously seated, catfish, shad, and salmon are also finportant. 
Results of efficiency tests for catfish are shown on Fige~e 26 w h i d  
shows 100 percent efficiency for the initial setup, while for the other 
two se t s  of tests  the efficiency varied from C to 10'0 percent, However, 
the catfish were large during the initial test period and i t  was practi- 
cally impossible for  them to -pass through the louvers, Again, it fs not 
possiblevto.evalrrate the effect of various louver spacings since tests  
could not $e made with comparable fish size. 

Shad - 
The statements made relative to catfish apply equally to shad, 

as shown graphically on Figure 29. 

Salmon 

No tests were performed with salmon during the 1954 season 
in Bay No. 1 since the louver installation was not completed until after 
the salmon run had subsided, Tests  pe r fomed  the previous season 
with salmon as well as other species a r =  not comparable with the 195'1 
tests sincc the louver slats  were not 90 to flow but rather were at such 
an angle as to make it virtually impossible Dsr fish to pass through the 
line of louvers. Furthermore, a high head loss was created. 

The reaction of a m o n  to a louver instailsftion can, however, 
be obtained fmm a series of tests  conducted by the California Depart- 
ment of Fish- and Game on their installation in the South Stanford Vina 
Diversbo Canal on Deer Creek in Tefaama County, approximately 15 
miles north of Clhico, California, 3/ This installation was identical to 

- that in Bay No, 1 accept the depth bf flow was appmmrnately 3 feet. 
The angle of the line of louvers was varied from lx0 328 to 12* $5' and 
no straightening vanes were provided. The velocity of flow was i n  the 
same range as that in Bay No, 1 of the pilot structure, Three se t s  ~f 
tes ts  were performed witkb.ypassridths of 6, 12, and 2 8  inches, The 
average length of the salmon was 50.68 mu*. The relation between ef- 
ficiency& velocity of flow, number of fish in test, a d  bypass width is 
shown in the following tabulation: 





Laboratory Approach 

Accordingly, an  attempt was made to simulate a ;considerable 
length of a line of lou-rers in the Hydraulic Laboratory by means of a 
circular diwice illustrated on Figuse 31. This device consisted of a 
circular set of louvers CZO inches inj,diameter around a center swrture. 
A11 3csuver slats were  set at the same angle with respect to the Pangene, 
The water was admitted radially by means of wines fastened to the per- 
dorated plate baffle, The flow pattern was a spira l  vortex, It was sea- 
soned that fish introduced into the model would properly orient them- 
selves, in accordance witb observations made at Tracy, and the num- 
ber of times any particular fish passed around the 20-inch diameter 
louver installa~ion would be a measure of the: allowable length of the 
line of louvers between bypasses. 

Small arout and bass (1- ld2 to 2 inches in length abtaiwd from 
the Colorado Game and Fish Department) were employ& in the model 
with a Eiuw velocity of approximately 1 foot per second. The fish prop- 
erly orkentea himself, but after a very shoe t h e  (I LO 6 rewlutiorns 
around the iouvers) he wsatd move out to a region of fairly low velocity 
and rest for a time before again venturing r&ar the line of louvers. In 
the prototype structure the fish could not get into low velocities. Hence, 
the model study yielded no usable information due to the velocity gradi- 
ent, Any attempt to confine the fish to the region of high velocity near 
ohc louvers would rcsult in an improper flow pattern, It was, therefore, 
not possible to demonstrate the permissible length of the line of louvers 
between bypasses. 

Design C ritcria 

To establish criteria necessary to proceed with design of the 
ultimate structure, 8 meeting of the Fish Advisory Council, established 
several years ago, was held in Sacramento on November 18, 1954. This 
meeting was attended by representatives of the Bureau of Reclamation, 
Fish and Wildlife Service. and the California Department of Fish mad 
Game. The f~llowiarg: cr i ter ia  were agreed upon by those present: 

1, Angle of line of Ilou~qers, ,J lo to 1 So, depending on design 
requirements, 

2, Louver slat spacing, 1 inch clear. 

3. Louver slats ,  90° to flow. 
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5, Bypass width, 6 inches, 

6. Maximum velocity of approach {a~esage)~ 5.3 feet per sac- 
on& 

7.  Distance between u a s h m c k  and start a3 line of louvers, 
25 feet minimum. 

8. Smooth flow pattern between trashrack and start of line of 
louvers, 

9, Trashrack bar spacing, 2 inches clear. 

10. No provision forhedkation with s a l t  of the fish in the hold- 
ing ponds. , , 

11. Although recognized that pqditors mi@ stay in Ibc bypass 
channels or ahead of the tmshFack*to prey Qpon the .mall f ish,  no 
preventive ac50n i s  ta be taken. 

The limitation of 75 feet between bypasses w i l l  ~Wuipl ly  in- 
crease the cost of the structure, In an attempt to minim- the cast, a 
proposal was made to prmide only one bypass in the ori- imtalla- 
tisn with provision to activate intermediate bypasses it f a d  necessary, 
However,  the Fish and Wildlife  S e m c e  misted -that all bypfh8sw be 
made operative initially pad that some could be take .  art of service-if 
found unnecessary. 



PART la 

tihl)#4UUC MQDEE STUDIES OF T I E  PXWT C-AL AND 
PILOT FISH ==EN STRUCl'r?JRE 

~TRODUCTK3N 

The pilot canal and pilot fish scrcen structure are located at 
tlhe headworks sf the Delta-XPendota C ~ w f ,  Central Valley P reject, 
California. The pilot canal is used as a temparary channel t e  provide 
p a s a g e  of water lmrn Old River to the Tracy Pumping Plant until such 
a time as thc headwork of the main canal are finished. Figure 1, 

The fish screen stwctuse, located at about the midpoint in the 
piloa canafrl is for the purpose of aiding in the conservation of the small 
fish in the area by preventing their access to the can&_ The structure 
is set  at an angle to-the center line of the pilot channel in order  to keep 
the velocities low through the structure h9 providing a large area  tor 
the flow passage. The structure consid, -f a bridge work frame used 
to contain the fish screens and trashrack. s well as the nedssary ap- 
paratus for removing and cleaning the screens and ho!$iiig the screened 
fish, The presence of peat moss and t rash in the water makes it neces- 
s a ry  to clean the screens  several times each day. 

The taboratory was requested to make model studies on the 
piloa canal and pilot fish screen structure when the channel began to 
show signs of excessive erosion aiotong3the bank, and soundings takerr 
on the channel noor  downstream from the struckure showed that the 
footings of the structure were being! undermined, 

The louver type fish screen was considered for installation in 
the fish screen structure when imPtestigaticon by project personnel showed 
that it had great potential in fish screening efficiencz as well  as r tquir-  
ing very  little maintenance since the peat moss could pass through the 
louvers without clogging the openings, However, their investigations 
indicated that there were some adverse hydraulic ~ r a c t e r i s t i c s  that 
could best be corrected by a hycfr;rulit model study. 

THE MODELS 

The studies w e r e  performed wish hour models, A 1:15 scale 
m d c l  was used to  determine the channel realinernent for  the pilot cam! 
and a l so  for  the overall pattern of the charnel bed erosion, A 1:16 
scale sectional model of one bay of the fish screen structure was used 
to study the channel bed erosion downstream from the structure. The 
model studies 2f the louver irnsib4lllation were performed on two models. 
One w a s  a h -~ t i~~au l i c  model of a 1 6 - f ~ o t  length of the line of louvers 
built to a scale of 1:4 to give an overall picture of the flow pattern, Isn 
the other, a section cf the touvers 6 inches high m d  4 f ee t  long with 
prototype dimersiors for width and spacing w a s  tested in air instead 
of water, 



to conform to'drawings from Specifications No, 20C- 1015, Figure 2. 
The fish screen structure was conssucted of wood from drawings in 
the same specifications. The 1:15 model Payout is &own by Figure 32, 
Tire i:lQ scale sectional model w a s  installed in an existing nexxlaw 
flume which had a glass panel for one wall, 

The mode& diacha;rge, water surface elevations, w e n t  of ero- 
sion, and other important meilsurcanmts weredetesmined by standard 
laboratory methods, 

INVESTIGATION OF THE PILMlr CANAL AND 
FlLQT CANAL STRUCTURE 

The investigation on ths.pilot Uppl and pilot fish icreen struc- 
ture was performed in two phases; the first, using the 1:lS scale model, 
was the investigation to determine the rrhnnnel realinemeat. The sec- 
ond phase, using the 1: 10 scale model, was the determination of methods 
to prevent the severe  channel bed erosion downstream from the fish 
screen structure. After recommendations bad been determined f rom 
these two inveshiptions, they w e r e  combined atrd atbcorpsraked in the 
1:15 scale model and a final test made to &ow the ovemll effectiveness. 
The effectiveness was determined by visual comparison?; of the flow con- 
ditions and anaouftt of erosion. Photagraphs were obtained of these two 
features both upstreram and downstream from the fish screen structure. 

Pilot Canal Tests 

Test No, 1. In the initial test the existing chanmrel alia;rmenP 
was formed ~n the mexiel, Figures 33 a& 34A, and the model operated 
at 3,800 cfs (5-pump uperation at high tide). This test was pedo 'med 
in odcr to duplicate tire existing flow conditions gtad extent of erosion 
and aiso to have a basis for comparing the effectiveness of a modifica- 
t ion. 

The flow in the channel formed an eddy '&ong the left bank on 
the upstream s ide  of' the fish screen stl-uczure+iupd showed definite indi- 
cations of eroding the right bank downstream Prom the structure. The 
extent of the erosion both upstream and downstream from the structure, 
as shown in Fipm 35, indicated that the channel was too narrow for 
5-pump operation.. The erosion pattern also showed the points where 
the channel should be widened, 

Test  No. 2. The first channel revision followed recornmencia- 
rions made by tihe project office, Figures 34B and 36A show the outline - 
sf theis revision; the upstream section of the channel was widened *out 
60 feet 'by excavating along the Ic:lt bank. The right bank of the down- 
stscam section was moved back s o  as to eliminate all  of the projecting 
curve and thus permit nearly a stmight approach to the main canal, 

The revised channel was tested at 6-pump discharge at high 
tide, 4,600 cls. 3,t was felt that since this w a s  a possible speratiw 
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w a s  not damaging to the channel Wiw. 

The channel appearance after 4 hours of 6-pump operation 
showed only a slight amount of erosion of the banks, indicrti-rg that the 
channel was sufficiel~tly wide. In the upstrePm section tk% floor of the 
channel near ?he entrance from Old River showed signs of bed move- 
ment: this was probably due to the slope of the channel floor ra ther  than 
because of channel aiinement. 

Tes t  No. 3. The smooth flow conditions and lack of bank em- 
sion indicated that d might be possible to make the channel n a r r o w e r  
and thereby considerably redbce the m o u n t  of excavltion.necessary in 
the large ch=nel. Accordingly. the upstream channel width was re- 
duced from2 92 to 62 leer. The downstream section wnr. re-formed so 
as to form a c b n n d  about halfway betwrm the original channel and the 
one tested in Test No. 2. Figures 36B and 38A show the channel in- 
vestigated in Tes t  30. 3. 

This  test was also made at 8-pump operation: however. the up- 
s t ream water surface elevation was lowered to cormpond to low tide 
since the resulting increased velocity would tend to cause more severe 
erosion. Figure 37B s b w s  the flow appearance for this ehemel aline- 
meat. in the upstream section the flow near the structure was very 
smooth; a slight eddy in Imnt of the sloping screen M y  was st i l l  norice- 
able but did no harm. The flow in the downstream section was very 
smooth through most of the channel; however. there was i slight wter 
surface roughness along the right ganf that indicated the bank protruded 
t j o  f a r  into the channel. The extent of the erosion showed that the chM- 
nel was adequately wide but Uut the appmch curve along the right bank 
would benefit by being streamlined. 

Tes t  No. 4- -Recornmended channel. From the above three 
tes ts  the recommended cmnnal allnement was derived. Figure 38B. For 
the recommended channel the upstream section remain& 62 feet in 
width a d  the right side approach was not further streamlinned. The 
downstream section was widened so that it  w a s  a compromise between 
the channels of Test No. 2 and Tes t  No. 3. The changes in the down- 
stream section also included a modification of the dowastreom end of 
the left bank. 1; had been noticed in the previous tes ts  that the kR bank 
had a tendency to erode in this vicinitj.. Although in each inaEvidull test 
the amount of erosion was slight. collectively Oner several tests it had 
accumulatd  to a significant m o m t  that indicated the bank should be 
moved back about 10 feet a t  the junction with the main canal. From the 
appearonce of the flow and the condition of the channel * ~ n k s  after 4 
hours operation the channel alinement was judged to oe satisfactory for 
the orototype installation, 
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During the tes ts  to determine the channel rea3inement of the 
pilot canal, the fish screens  of the pilot dish sc reen  structure were in 
place and the head loss across the screens  corresponded to about 1- 
112 feet difference in elevation between the upstream and downstream 
sides, It had been ndticed that when the screens  were raised a small  
amount the flow underlthe screen caused severe  erosion of the channel 
bed just downstream fnom the structure. 

Information received from the prototype structure alsoshowed 
that there had been severe  bed e ros im downstream from the structure, 
Figure 39, It was not practical to try tr correct  this erosisn by using 
the iarge model; therefore, a sectional model of' one bay of the struc- 
ture was constructed to a scale of 1:BQ and installed In a glass sided flume, 
Figure 40. 

The testing procedure closely followed information received 
on the prototype operation, The discharge was equivalent to 5-pmp, 
high tide, awrat ion through 11 bays with about 1-112 -foot hiead loss 
across the screen, The screen was operated to duplivate the prototype 
screen cleaning procedures, The cleaning was accomplishtrd by slowly 
raising and lowering the screen while playing a jet of water wtr it t o  
remove the debris, Before raising the dirty screen a clean acrecn was 
temporarily lowered in front of it, When the zleaned screen was being 
returned, the workmen were often unable to fully lowerpit, and it was 
allowed to remain in aa partially raised position for 2 or 3 fPc3~rs. The 
model testing procedure duplicated this by slowly raising the screenfor  
2 o r  3 feet and allowing the model to operate while &serving the actioc*. 
through tfre glass panel, 

Tes t  No, I. For the f i rs t  test the existing prototype setup was 
modeled, Flgure .IbR, When the screen was first raised the sluicing 
action of the flow under the gate caused the bed to erode very rapidly, 
Figure 4OB s h o w s  the channel floor after sooly X0 minutes of operation, 

It was apparent that the sluicing action of the flow under the 
screen was the cause of the pmotype erosion, Figure 39 shows theex- 
tent of prototype erosion, The lack of erosion downstream from the 
first three bays can k exp'lained by the fact that there was no flow tbt.iiugh 
the sloping screen ,bay and ?he next two bays were equipped with selfc lem- 
ing traveling screens which did not need t o  be raised for cleaning, The 
x-emaining eight bays had to be raised in order to clean than,  

Since it was not practical to  instail the moving screens in all 
the bys,  further tests were made to  determine other methods of we- 
venting the erosion,, 

Tes t  No, 2, For Test No, 2 the channel Bed was modified by 
placing a protectave layer of riprap downstream from the strarctuxw, 
The layer was P foot thick and consisted of 2-1/2- t s  I-in*. prototype 
s ize  and extended 10 feet downstream, 
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amo"t:rt of screen opening was altered to find a more s6vcre operating 
condition, Starting with the sc reen  raised 5 feet, i t  was lowered by 1 
toot incremc,-.ts, At 1 bmt open the bed movemeat was greatest so the 
model was allowed to operate at this opening for 20 minutes, Figure 
4 l A  shows the amount of bed movemat  a t  the end of this period. The 
riprap reduced the amoum of erosion; however, it was thought that the 
structure woula receive better protection if some type of deflector or 
end sill were placed on the concrete apron under the screens, 

Tes t s  No. 3, 4, 5,  and 6, end sills, Four types of end sills 
were invcrstlgrrteci a m  au were founa to be effective in reducing the era- 
sion. The tesls are summarized below: 

Test  So, 3. End s i l l  43 inches high, sloped upstream face, 
Figure 4 2 ~ .  i\t me 2-foot screen opening the erosion was very slight. 
Though the screen was raised andl lowered to find the opening t h ; l Z  pro- 
duced the greatesp bed movement, the %-fmt opening was selected for 
erosion time trials. Figure 41B shows the amount of ikusion a t  the ~IIA 
of 30 minutes operation. The erosion pattern was not extensive and the 
si l l  had tended to cause agmtec t ive  bar to be formed at the end of ohe 
apron. 

Test Xo, 4. End sill 1 foot high, 2:l slope on upstream face, 
siprap a120 used, ~igurc 42B. The greatest bed movement occurrcd 
with the screen raised 3 feet, Figure 43A shows the extent of erosion 
after 4 hours, The eroded area has moved several feet downstream and 
some ~f the ercded material has moved upstream toward the apron, 

Test No, 5, A 7-11%-inch angle iron placed on the apron as an 
end sill, no riprap, Figure 92C. Figure 438 shows the extent of e m - ,  
sios after  2 hours operation with the semen raised 2 feet. The eraded 
area is about 20 feet downstream from the apron, the eroded material 
has moved upstream and formed a sand bar to the same elevation as the 
top of the sill and extending for  a b u t  4 feet downstream, 

Any of the end s i l l s  that were investigated would protect the 
structure from excessive erosion but since the installation sf  a s i l l  would 
have to be done under 20 feet of water, the angle iron end sill was rec- 
ommended as i t  would be the easiest for p a o t o $ ~  instalbtietr, It was 
also recommeaded that a 1 tost thick layer of 2-1 f 2- to 4-inch riprap be 
installed for 143 feet downstream Prom the structure. 

Overal? imestigatioa, TWO iesta were  performed on the t:15 
scale modem to aetermlne the effectiveness of the end sill when it was in- 
stalled in a i l  twelve bays of the structur~e, The tests w e r e  made with 
the channel alinement as recommended, 6-pump operatian and wE!h the 
upstream water surface elevation representing mean low tide, 

In the first test the sc reens  were  raised 2 feet, no end sills ur 
r i  rap was used and the head loss across the screens varied from about 
3P4 foot a t  the start of the lest to about 1-314 fen near the end of the 



test. At the end 01 3 hours1 operation el was unwatared and 
the extent of erosion determined, Figure 44A s h o w s  the extent of em- 
sian at the end of the test. The erosion was between 4 and 6 feet, deep 
with the deepest part of the eroded area about 11 feet d o w m t ~  from 
the apron and the end s f  the apron was undermined in all baps. 

For the second test the 7 -1 12-inch angle iron end sills were 
installed in all bays; the other operating data were the same as in the 
previous test. Figure 44B shows the extent of erosian at the end of 3 
hours  pera at ion, The erosion was between 1 and 4 teet d w p  with the 
lowest, p i n t  about 15 feet downstream from the apron. The end of the 
apron was not undermined in any of the bays; however, hetweem Bays 
No, 5 and 6 ar,d between Bays No. 7 ;and 8 the end of t h e ;  apron was axm 
wed but the addition of the protectiw layer of ripn\p:would probably 
eliminate this. 

Screen mising studies, As previously discussed, the screen 
raising mX'G5Zi @~rlng cleanrng operatiom seemed to have a definite 
bearing on the cause of the prototype erosion, A test was made on the 
I:10 scale model to show that a simple change in the prevailing rnctJ1ods- 
would benefit the structure as much as the end sill and r igrap would 
beneck it, The discharge and water surface elevation were the same 
as were used for the other tests, and no end sill or riprap was used to 
protect the channel bed. Two screens w e r e  used, one was the same as 
'in the previous tests and this is referred to as the dirty screen; the sec - &  

ond screen had less than 114 foot head loss though it and is referred to 
as the clean screen. 

For the first test the prototype procedure was followed: this 
was to Power the clean screen on the upstream side of the dirty screen 
and then to raise the dirty screen, When this procedure was rollowed, 
the erosive action downstream from the screen was extremely violent 
and in a very few minutes a large amount of material eroded from the 
channel bed, Figure 45A. 

In the second test the position of the screens were reversed, 
which put the clean screen on the d~wastream side o: the dirty screen, 
W e n  the dirty screen was raised there was little erosive action of the 
channel bed. Figure 45B shows the condition of the channel bed after 
30 minutes operation with the screen raised 2 feet, 

LEJVESTIGATION OF THE LOWER I N S T A U T I O N  

The investigation was directed a t  correcting an existing pocpr 
flow condition and to obtain a constant velocity in the approach channel 
with a uniform distribution through the louvers. For the initial tests 
the existing desigta was installed in both models and the poor flour con- 
dition duplicated in order to determine the cause, The poor f lew condi- 
tion was quite apparent in the ntodels. Figure 46A shows the f low lines 
through the louver as traced by confetti. The concentration of flow fines 
aiong the right side shows that part of Lhe flow is deflecteel parallel to 
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times from the up;tream e"d of the louver towthe aownstream end. 
- 

This  is caused by the condition on the downstrezm side of the loti-r 
where the flow lines show that the now is normal to the line of louvers 
for a considerable distance before i t  'turns to the original flow direc- 
tion. In order  to turn the flow from each louver space,, f h  water sur- 
face in the adjaceat space (~ps t r eam)  must be slightly higher. This 
backwater build up progresses upstream from space to space alongthe 
line of  louvers until a? the cpper end it a.llaws very Pittlcr flow through 
the louver, This is indicated by the absence of flow lines in this area, 
The buildup is also reflected downstream by an increased flow velocity 
along the le f t  wall, 

The investigation of this design in the air model showed prac- 
tically the s a m e  conditions. Figure 46B shows the flow lines traced by 
smoke s t reamers  induced into law velocity now on the upstream side 
of the louvers. The deflected flow is indicated by the distance thesmoke 
travels along the upstream iace of the louver before i t  passes through. 
On the downstream side, the distance the smoke travels normal to  the 
louver before it t u r n  is also quite apparent, The prelinainsa,~ testsin- 
dicaied that if each unit ~i the louver would take its proportiomte share 
of the flow, the flow would not be deflected and even flow &stribtotican 
and a co-mtant approash velocity would be attained. 

Flow Straighteners , ", 

The upstream side of the louvers could not be altered since 
it was &ought that the f ish repeUing characteristics might be changed; 
therefore, the xnodifications were developed on the basis that they had to 
be placed on the downstream side, Preliminary tests  showed Ohat ifthe 
flow emerging from the louvers were forcibly turned so that it  flowedin 
the proper dkection +he backrater  buildup was minimized and good ap- 
proach Row resulted, Good outflow conditions might also be accom- 
plished by downstream channel reaarement but obviousdy would be  very 
expensive, s o  all further tests  were  made ta  determine the length and 
spacing sf now straighteners placed on the downstream side of the lou- 
vers. The length of the flow straighteners would d e p e d  on their spac- 
ing since in order to completely turn the flow the straighteners must 
overlap, The flow had to be turned about 70° which se t  the minimurn 
spacing as one vane for  every two louver spaces, 

Flow dishrifrution, T w o  flow straighteners were investigated 
in ale air muaei; the turst had a vane for-every two louver spaces, Fig- 

, ure 47, and the second a vane for every eight louver spaces, Figure 48. 
The flow patterns, were traced by the smoke s t reamers  and the results  
photographed. Figure 49 shows the pattern through the two flow straight- 
eners, In both cases %Re smoke entered the louver more directly thanit 
had in.the case of the louver without the straighteners; it was also ap- 
w e p t  that the stream was turned and flowed downstream w i t h  a fairly 
uniform distribution. Of the two flow s t rdghteners  tested, the closer  
spaciug provided the better flow distribution. For comparison, the flow 
Sines in the 1t.i model when the flow straightener is used are shown in 



uniform than that shown in Figure 46A. 

Velocity increase. Another method of determining the cffec- 
tiveness of flow straaghteners was to determine the veloctty increase 
along the upstrerun side of the louver. The ratio of the increase in ve- 
locity versus the spacing of the straight'ening vanes has been plottedon 
Figure 51. The velocities were measured at the upstream end of the 
line of louvers, V1, and at th<: downstream end, V2. The spacw was 
measured normal to the flow lines. F o r  this test both models were 
used. Ira the air model, tests  were made wiUI the two now straighten- 
ers previously described; in the water model two tes ts  w e r e  made, one 
with the louvers alone and one with a flow straightener patterned after 
the wider of the t w ~  tested in the air rnodeL 

Flow in the air model without a flow straigwener can also be 
considered as flow with a straightener every 15 indies w i h  the upper 
and lower model boundaries being the straighteners, Data were ob- 
tained from the models for five different spacings; in addition, data 
we= used from information available on tests that had been peflomed 
in the test flume a t  the Delta-Medata Carmi headworks. From the 
curve on Figure 51 it is possible for the designer to determine the best 
spacing in keeping with th;e desired flow efficiency and c o n s t ~ c t i o n  econ- 
omy. The curve shows that any spacing up to 6 inches will provide good 
velocity distribution. v 

Head loss. The head loss across a system of lowers with or 
without the flow straightener was also obtained from) the models, In the 
1:4 model the head loss was deter&ined fram a &%P a b u t  4 feet (pro- 
totype) upstream from the s ta r t  of the: line of louvers to a point a b u t  4 
feet (prototype) downstream from the end of Ute b e  of lowers, The  
test showed that the head loss for the louver without the flow s-t- 
ener was about 0.24 foot; when the flow straightener was add&, the head 
loss was reduced to a b u t  0.14 fcot, a reduction of about 40 pex-kent. 
Similar measurements taken in the air m d c l  a h  showed the flow skraight- 
ener  reduced the head loss with the closer spacing being more effective 
than the wider spacing, 

With a f low straightener vane fastened directly to a iorlnrer qhl, 
the flow area for the louver space immediately dowastream is cons!ricred. 
Although this does not reduce the now, the possibility that it  might be- 
come clogged with trash necessitated a test to determine the effect of sep- 
arating the flow straighteners from the louvers, Figure 50A shows the 
flow pattern with the flow straighteners about 2 inches from the louvers, 
There was very little change in  the flow pattern and the effectiveness of 
the flow stmighieners was not impa$s'ed, Although tests  were not made, . 
it is thought that i f  the louver slat  i$' extended to intersect the displaced 
flow straightener vane its effectiveness would not change. 



OF W3WERS AND BETWEEN UPJE OF F L D W  LOUVER SkAT 

The specific purpose: of the tests was to determine ?Re hesd 
loss across the louver system for different values of the angle between 
the ]ilk at louvers and the direction of flow and of the angle between the 
louver *siat and the direction of flow, Figure 52. *The angle af the line 
of iouders with the dizection of flow was measured in a clocku.rise direc- 
tion and will  be referred t s  as the angle a . The angle of the louver 
s la ts  with the direction of flow was  measured in a counterclockrise di 
r s t i o n  and will be referred to as the angle $. The head loss is ex- 
pressed in t e n n s  of the velocity head based on the average viulocityabout 
5 feet upstream from the line of louvers. 

3p m&A+ tk:-h=bLioss measurements a predetermined dis- 
charge wag 0=1med into the test flume and the flow depth acljustcrdt with a 
tail gate s o  that the depth a t  the upstream rne;ksuring station was 17-79 
inches, mieh =as slightly less  than the height of the model louvers. 
The elevasion of the water surface at the downstream measuring station 
was theat obtained. The upstseam measuring station was located at a 
point corsespondhg to 5 feet upstream from the s tar t  of the line of lou- 
vers; similarly, the downstream slation corresponded to a point 5 feet 
downstream from the end of the li~le of louver%, A louver system was 
next placed in the flume and the upstream water surface adjusted until 
it was a t  the same elevation as before; the elevation of ibe downstream 
water surface was then determined. The diff'erence or change in eleva- 
tion was recorded as the head loss for the louver sys;'aem being invesbi- 
gated. This mkhod '@,\ietennining the mapi tude  of the loss, which 
eliminates ctnlnrrel Boss, was the same for ail of the louver installations. 

The results  of the tests have been plotted on Fibwre 32 as the 
head loss in velacity f=sads versus the angle # for four values of angle 

a . The curves s M w  that when a is less than 3Q0 the head loss is 
a function only of angle #, However, as the angle increases above 300, 
the loss for any particular value of angle increases very rapidly. As d sn example takeya value for  angle fi of 90 where the head loss at angle 
a of 20° and 30O was about 6.3 velocity heads, when angle a was in- 

c: eased to 40O the loss becomes $. 2 velocity and with o equal to 45O 
the less was 10 velocity heads. 

The greatly increased loss when angle a becomes greater  
than 90' was thought to be a function of the relative posixion of adjacent 
louve:- slats, Figure 53. The head loss seemed to vary inversely with 
the ratio B/A, where "B" is the len th ~f slat that is overlapped by the ,F adjacent slat upstream, dimension B" on Figure 53, and "A" i s  that 
portion of the slat that is directly exposed to ehe now, d b e n s i o n  "A" 
on Figure 53. The line of. iouvers that was used for 9 = 90* and a = 
4Q0 had a ratio B ~ A  equal to I. 71 and a hesd loss of 8.2 velocity heads, 
when this line of lonvers was modified so that the ratio was 2.65 the 
head loss dropped to 6.5 velocity heads, which compared favorably with 
ihe head lass when angle a was less thzn 300, Figatre 59. 



F o r  expediency in the model constPuction and testing all of the 
above t & $  ware made without now straighteners on the dowllstrepm 
side of the louvers. Ira order to substantiate value of thebow straight- 
eners  another series of tests were ppimrm3 with flow straighteners 
on the line of louvers a t  a Is sf  20 a ~ d  45 . The flow straightener 
used at a = 2o0 consisted of a straightening vane for  every eight lou- 
ver spaces, the f low straightener for  a = 45O also consisted of a vane 
for every eight louver spaces. The results  of these tests  indicaOedthoP 
the head loss was reduced appm-iartely 40 percent, R i p e  52. Al- 
thou* no investigation was made on the use of a flow straightcneir a t  
a = 30O the fact that the loss curves for a = 20° and 30° are idcnti- 

cal f o r  the louvers without flow straighteners suggests that they would 
also be the same after the straightener is added. 

In the a b v e  tests  only one flow depth upstream from the Lie 
of louvers was used, providing approximately the same velocity fo r  all 
tests. In order to compare the model tests  with similar prototype in- 
vestigations, the model was operated with variable upstream and d a m -  
stream depths and the head !as i~ ve?oclt,- heads related OG o b& lass 
depth ratio, Figure 54, For the tests a l o w e r  setup with # = 900 and 
a = 300 and a flow straightener for every eight louver spaces was 

used, This rest indicated that the head loss varied from 2 to 4 velocity 
heads for most head loss depth ratios. 
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